Bearing Assembly With Temperature Sensor 



BACKGROUND OF THE INVENTION 
(Field of the Invention) 

The present invention generally relates to a bearing assembly of a 
kind whose temperature needs to be monitored and, more particularly, to the 
bearing assembly having a temperature sensor built therein, suitable for use in, 
for example, wheel bearings and shaft bearings used in railway vehicles. 
(Description of the Prior Art) 

In shaft bearing assemblies employed in railway vehicles, one or 
more temperature sensors which are a member separate from the bearing 
assembly are incorporated in a housing for the bearing assembly for detection of 
the temperature of a surface of the housing so that an abnormal temperature 
evolved in the bearing assembly can be detected. 

It has, however, been found that with the sensor-equipped bearing 
assembly now in use, the following problems have been involved: 

(1) Since the temperature sensor used therein does not detect the 
temperature of the bearing assembly directly, the timing at which the abnormal 
temperature is detected tends to be retarded, resulting in that at the time of actual 
detection of the abnormal temperature, the bearing assembly would have already 
damaged detrimentally. Once this occurs, determination of a cause of the 
abnormal temperature would be virtually futile. 

(2) Since the temperature sensor is a member separate from the bearing 
assembly, a space for installation thereof is required within a limited space 
available in the bearing assembly. 

(3) Because of the temperature sensor being a member separate from the 
bearing assembly, the number of component parts in the bearing assembly as a 
whole tends to increase, resulting in complicated and time-consuming servicing 
operations. While it is a general practice to replace the bearing assembly 
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regularly during a cycle checkout, replacement of the temperature sensor is also 
required separate from and independently of the replacement of the bearing 
assembly and, accordingly, complicated and time-consuming procedures are 
required in performing a job of replacement. 

(4) Considering that the temperature sensor is secured to an outside of a 

bearing box forming a part of the bearing assembly, the temperature sensor is 
susceptible to damage or malfunctioning by collision with scattered stones and/or 
rocks, resulting in false generation of an erroneous signal indicative of detection 
of the abnormal temperature. 

Also, the prior art wheel bearing assembly used in railway vehicles 
has been well known, in which as shown in Fig. 8, a temperature sensor 63 in the 
form of a thermocouple or the like is disposed on one end face of an inner race 
52 that forms a stationary bearing ring. An outer race 53 of the wheel bearing 
assembly is positioned radially outwardly of the inner race 52 with rolling 
elements interposed therebetween and has its outer peripheral surface secured to 
a corresponding wheel (not shown) while forming a rotatable bearing ring. 

The prior art wheel bearing assembly shown in Fig. 8 is effective to 
directly measure the temperature of the bearing assembly itself. However, since 
the temperature sensor 63 is designed to be carried by the inner race which is one 
of the bearing rings forming the bearing assembly, mounting of the temperature 
sensor on the inner race is difficult to achieve, resulting in reduction in 
productivity. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is so devised as to provide an 
improved bearing assembly having a temperature sensor built therein, in which 
the accuracy of detection of the abnormal temperature is increased, the number of 
component parts is reduced and the productivity can be increased. 

To achieve the foregoing object of the present invention, there is 
provided a rolling bearing assembly having a temperature sensor built therein, 
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which bearing assembly includes stationary and rotary bearing rings one 
positioned inside the other; and a sealing member secured to the stationary 
bearing ring. The temperature sensor is secured to the sealing member for 
measuring a temperature inside the bearing assembly. 

With this structure, the temperature sensor is secured to the sealing 
member which is a part of the bearing assembly and, therefore, the temperature 
inside the bearing assembly can be directly detected, resulting in increase in 
preciseness in temperature detection. Also, since the temperature sensor is 
integrated together with the bearing assembly, the number of component parts 
used can be reduced. In addition, since the temperature sensor is secured to the 
sealing member which is, unlike a bearing ring, a component part accessory to 
the bearing assembly, the temperature sensor can be simply and easily secured to 
the sealing member during manufacture of the sealing member, resulting in high 
productivity of the bearing assembly having the temperature sensor built therein. 
Yet, since the temperature sensor is secured to the sealing member that is 
mounted on a stationary bearing ring, a wiring cable extending from the 
temperature sensor can easily be drawn outwardly from the bearing assembly. 

In one preferred embodiment of the present invention, the sealing 
member includes a core metal fitted to the stationary bearing ring, and an elastic 
member made of rubber or resin and integrated together with the core metal and 
wherein the temperature sensor is secured to the core metal in contact therewith. 
Since the core metal is a metallic member secured to the bearing ring, the 
temperature of the bearing ring can be effectively and efficiently conducted to the 
temperature sensor, making it possible to achieve an accurate temperature 
detection. 

In another preferred embodiment of the present invention, the core 
metal includes a cylindrical portion mounted on a peripheral surface of the 
stationary bearing ring which confronts the rotary bearing ring, a flange portion 
engaged to at least one annular end face of the stationary bearing ring, and a slant 
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portion bent from an inner end of the cylindrical portion so as to extend 
diagonally radially therefrom and wherein the temperature sensor is disposed 
within a space delimited by and between the cylindrical portion and the slant 
portion. By this preferred design, the temperature sensor can be protected. 

In a further preferred embodiment of the present invention, the 
temperature sensor is fixed to the sealing member by means of an integral 
molding of the elastic member with the core metal. This can be easily 
accomplished by the use of an insert molding technique to allow the temperature 
sensor to be fixedly encapsulated by the elastic member. 

Where the insert molding technique is used to secure the temperature 
sensor to the sealing member, fixing of the temperature sensor can be easily 
achieved. For this reason, not only can the productivity of the sealing member 
equipped with the temperature sensor be increased, but also the quality of 
securement of the temperature sensor can be stabilized. 

In a still further preferred embodiment of the present invention, the 
temperature sensor is a chip-type laminar thermistor. Since the chip-type 
laminar thermistor is known to have a compact structure, a high sensitivity and a 
high readiness, the temperature sensor can be efficiently and effectively 
accommodated by the sealing member.BRIEF DESCRIPTION OF THE 
DRAWINGS 

In any event, the present invention will become more clearly 
understood from the following description of preferred embodiments thereof, 
when taken in conjunction with the accompanying drawings. However, the 
embodiments and the drawings are given only for the purpose of illustration and 
explanation, and are not to be taken as limiting the scope of the present invention 
in any way whatsoever, which scope is to be determined by the appended claims. 
In the accompanying drawings, like reference numerals are used to denote like 
parts throughout the several views, and: 
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Fig. 1 is a fragmentary longitudinal sectional view of a bearing 
assembly having a temperature sensor built therein according to a first preferred 
embodiment of the present invention, showing only one of longitudinal halves of 
the bearing assembly; 

Fig. 2 is a fragmentary sectional view, showing on an enlarged scale a 
portion of the bearing assembly encompassed within the circle II shown in Fig. 1; 

Fig. 3 is a view similar to Fig. 2, showing the bearing assembly 
according to a second preferred embodiment of the present invention; 

Fig. 4 is a sectional view, showing an application of the bearing 
assembly of the present invention in rotatably supporting a railway vehicle 
wheel; 

Fig. 5 is a fragmentary longitudinal sectional view of the bearing 
assembly according to a third preferred embodiment of the present invention, 
with only one of the longitudinal halves thereof being shown; 

Fig. 6 is a fragmentary sectional view, showing on an enlarged scale a 
portion of the bearing assembly encompassed within the circle VI shown in Fig. 
5; 

Fig. 7 is a view similar to Fig. 6, showing the bearing assembly 
according to a fourth preferred embodiment of the present invention; and 

Fig. 8 is a view similar to Fig. 2, showing the prior art bearing 
assembly having the temperature sensor built therein. 
DETAILED DESCRIPTION OF THE EMBODIMENTS 

Preferred embodiments of the present invention will now be 
described with reference to the accompanying drawings. 

Referring first to Fig. 1, there is shown, in a fragmentary longitudinal 
sectional representation, a bearing assembly having a temperature sensor built 
therein according to a first preferred embodiment of the present invention. This 
bearing assembly is shown in Fig. 4 as used in rotatably supporting a railway 
vehicle wheel. The bearing assembly 1 shown therein is of an outer race 



rotating type and includes two bearing rings which are an inner race 2 and an 
outer race 3, respectively. Of these bearing rings, the inner race 2 serves as a 
stationary bearing ring and is fixedly mounted on an axle 11 as shown in Fig. 4. 
The outer race 3 serving as a rotary bearing ring is fixedly mounted inside a hub 
5 of the railway vehicle wheel 12. 

In a first embodiment shown in Fig. 1, the bearing assembly 1 
includes a plurality of rolling elements 4 rotatably retained by a retainer or cage 5 
and rollingly interposed between the inner and outer races 2 and 3 in the form as 
retained by the retainer 5, and an annular sealing means 6 for sealing each of 

10 opposite annular ends of a working space defined between the inner and outer 
races 2 and 3. The illustrated bearing assembly is in the form of a double row 
roller bearing assembly, more specifically a double row tapered roller bearing 
assembly, and the retainer or cage 5 is used for each row of the rolling elements 4. 
The inner race 2 is of a split type made up of two axially split inner race 

15 segments 2a and 2a held in axially end-to-end abutment with each other and each 
having an integral collar. The outer race 3 is of integrity and has an axial length 
greater than that of the inner race 2 (i.e., the total axial length of the inner race 
segments 2a and 2a) with its opposite end portions protruding an equal length 
axially outwardly from the adjacent ends of the inner race 2. 

20 As shown in Fig. 2 on an enlarged scale of that portion of the bearing 

assembly encompassed by the circle II shown in Fig. 1, the sealing means 6 for 
each annular end of the working space between the inner and outer races 2 and 3 
includes an annular inner sealing member 7 secured to the inner race 2 and an 
annular outer sealing member 8 secured to the outer race 3. A temperature 

25 sensor 13 as will be described in detail later is mounted on the inner sealing 
member 7 secured to the inner race 2. 

The outer sealing member 8 secured to the outer race 3 is in the form 
of a metallic ring of a generally U-shaped section opening towards the annular 
space between the outer and inner races 3 and 2. This outer sealing member 8 is 

-<6>- 



press-fitted into the corresponding end portion 3 a of the outer race 3 that protrude 
axially outwardly from the adjacent end of the inner race 2 and has an inner 
diameter slightly smaller than the outer diameter of the corresponding end of the 
inner race 2. 

5 The inner sealing member 7 secured to the inner race 2 includes a 

core metal 9 fixedly mounted on the corresponding end of the inner race 2 and an 
elastic member 10 integrated together with the metal core 9 and is rendered to be 
an oil seal. The core metal 9 is made up of a cylindrical portion 9a mounted on 
an outer peripheral surface of the inner race 2 which surface confronts the outer 

10 race 3, a flange portion 9b continued from the cylindrical portion 9a so as to 
extend radially inwardly along the corresponding end face of the inner race 2, 
and a slant portion 9c bent backwardly from an inner end of the cylindrical 
portion 9a so as to extend diagonally radially outwardly therefrom with the 
cylindrical portion 9a and the slant portion 9c defining a generally V-shaped 

15 section. 

The elastic member 10 is made of an elastic material such as, for 
example, natural or synthetic rubber or resin and is made up of a ring-shaped 
body 10a and a pair of flexible lips 10b and 10c protruding laterally outwardly 
from the ring-shaped body 10a so as to diverge outwardly towards the outer 

20 sealing member 8. The ring-shaped body 10a is so disposed as to fill up a 
generally V-sectioned gap delimited between the cylindrical portion 9a and the 
slant portion 9c of the core metal 9 while the flexible lips 10b and 10c have their 
free ends positioned spaced a slight distance inwardly from an web portion of the 
outer sealing member 8 and a radially inner flange of the outer sealing member 8, 

25 respectively 

The sealing means 6 constituted by the inner and outer sealing 
members 7 and 8 is a non-contact type seal design in which no contact takes 
place between the inner and outer sealing members 7 and 8. However, if 
desired, the flexible lips 10b and 10c may extend laterally outwardly from the 
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ring-shaped body 10a to such an extent that the free ends thereof may be held in 
sliding contact with the web portion and radially inner flange of the outer sealing 
member 8 to thereby render the sealing means 6 to be of a contact type design. 

The temperature sensor 13 referred to hereinabove is disposed in 
contact with the core metal 9 of the inner sealing member 7 and is enclosed by 
the elastic member 10. More specifically, during an insert molding process in 
which the elastic member 10 is integrated together with the core metal 9 to 
complete the inner sealing member 7, the temperature sensor 13 prefitted to the 
core metal 9 in contact therewith is embedded in the inner sealing member 7. 
This temperature sensor 13 so embedded is positioned on the cylindrical portion 
9a and within the generally V-sectioned gap delimited between the cylindrical 
portion 9a and the slant portion 9c. With the temperature sensor 13 so 
embedded, the temperature sensor 13 can be effectively protected. In the 
illustrated embodiment, the temperature sensor 13 is employed in the form of a 
thermistor, for example, a laminar thermistor fabricated into a sensor chip. 

Although the temperature sensor 13 has been described and shown as 
fixed in position relative to the inner sealing member 7 by enclosing it with the 
elastic member 10, any other suitable method may be employed to achieve this. 
By way of example, the temperature sensor 13 may be rigidly secured to a 
portion of the core metal 9 which is clear of the inner sealing member 7 as in a 
second preferred embodiment shown in Fig. 3. In such case, a soldering 
technique may be employed to rigidly secure the temperature sensor 13 to that 
portion of the core metal 9. Also, the position of the core metal 9 at which the 
temperature sensor 13 is fixed may not be always limited to an area of the flange 
portion 9a of the core metal 9 that is clear of the elastic member 10 such as 
shown in Fig. 3, but the temperature sensor 13 may be positioned on any portion 
of the core metal 9 that is not covered by the elastic member 10. 

A wiring cable 14 shown in Fig. 1 extending from the temperature 
sensor 13 is laid in a radially extending groove 15 defined in the corresponding 
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end face of the inner race 2 so as to extend radially inwardly from the 
temperature sensor 13. The wiring cable 14 extending within the radial groove 
15 is then laid in an axial groove 16, defined in the inner peripheral surface of the 
inner race 2, so as to extend axially towards a similar wiring cable 14 extending 
5 from the temperature sensor 13 on the opposite end of the inner race 2. The 
wiring cables 14 from the temperature sensors 13 on the opposite ends of the 
inner race 2 are then bundled together and drawn outwardly from the bearing 
assembly for electric connection with a temperature diagnosing means (not 
shown). 

1 0 With the bearing assembly having the temperature sensor built therein 

in accordance with each one of the first and second embodiments of the present 
invention, since the temperature sensor 13 is secured to the core metal 9 of the 
inner sealing member 7 which is susceptible to change in temperature as a 
function of change in temperature of the bearing assembly, detection of the 

15 temperature of the core metal 9 leads to detection of the temperature inside the 
bearing assembly and, accordingly, with high accuracy, it is possible to detect 
whether or not the temperature inside the bearing assembly increases beyond a 
critical value, i.e., to detect an abnormal temperature occurring inside the bearing 
assembly. If the sealing member 7 is of a non-contact type, the temperature of 

20 the core metal 9 will attain to a value about equal to the temperature inside the 
bearing assembly, whereas if the sealing member 7 is of a contact type, it will 
attain a value higher than that inside the bearing assembly by about 30 to 50°C. 
Accordingly, depending on the specification of the sealing means 7 to be 
employed, a determined temperature setting of a deterniining means is carried 

25 out for the determination of the abnormal temperature. 

Also, since the temperature sensor 13 is integrated together with the 
sealing member 7, the bearing assembly 1 is thus of a design integrated with the 
temperature sensor 13 and the number of independent and separate components 
used to complete the bearing assembly is thus reduced. Accordingly, servicing 



of the bearing assembly including a replacement of the bearing can easily be 
performed. 

In addition, in each one of the illustrated embodiments, the 
temperature sensor 13 is installed inside the bearing assembly, while being 
secured to the inner sealing member 7. Accordingly, no extra space for 
installation of the temperature sensor 13 is needed and the possibility of the 
temperature sensor 13 being damaged upon collision with scattered stones and/or 
rocks which leads to false generation of the detection signal can advantageously 
be eliminated. 

Yet, since the temperature sensor 13 is secured by the inner sealing 
member 7 which is a component part accessory to the bearing assembly, unlike 
the case in which it is mounted on the inner race 2, the temperature sensor 13 can 
be easily and simply secured by the inner sealing member 7, resulting in increase 
of the productivity of the bearing assembly 1 having the temperature sensor 13 
built therein. Also, since the chip-type laminar thermistor is used for the 
temperature sensor 13, fixture to and embedding in the inner sealing member 7 
can easily be achieved with the structure compact in size, high in sensitivity and 
high in readiness. 

Figs. 5 and 6 illustrates a third embodiment of the present invention 
in which the present invention is applied to the bearing assembly 1A of an inner 
race rotating type. In describing the second embodiment of the present 
invention, it is to be noted that unless otherwise specified, component parts 
shown therein and referenced by the same reference numerals as used in 
connection with the previously described first embodiment will not be reiterated 
for the sake of brevity as they are substantially identical with those shown in Figs. 
lto4. 

In the embodiment, as shown in Fig. 5, the outer race 3 is fixed to the 
inner peripheral surface of a housing (not shown) whereas the inner race 2 is 
fixedly mounted on an axle 1A. Accessories 17 which serve as an oil slinger 
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and an end closure, respectively, are mounted on different portions of the axle 
11A adjacent the opposite ends of the inner race 2. The sealing means 6A is 
disposed between these accessories 17 and the outer race 3. 

As shown in Fig. 6, the sealing means 6A on each end of the inner 

5 race 2 includes a radially inner sealing member 7A mounted on the 
corresponding accessory 17, and a radially outer sealing member 8 A mounted to 
the outer race 3. The temperature sensor 13 is fixed on the radially outer 
sealing member 8A secured to the outer race 3 which is a stationary bearing ring. 
The radially inner sealing member 7A secured to the accessory 17 is made of a 

10 metallic material and includes a cylindrical portion 7Aa, mounted on an outer 
peripheral surface of the accessory 17, and a flange portion 7Ab continued from 
one end of the cylindrical portion 7Aa and lying perpendicular to the cylindrical 
portion 7Aa so as to extend radially outwardly therefrom. 

The radially outer sealing member 8A secured to the outer race 3 

15 includes a core metal 9 A and an elastic member 10A integrated together with the 
metal core 9 A by the use of an insert molding technique. The temperature 
sensor 13 is fixed to the core metal 9 A by the use of, for example, a soldering 
technique. The elastic member 10 A is made of an elastic material such as, for 
example, natural or synthetic rubber or resin and includes a plurality of, for 

20 example, three flexible lips lOAa to lOAc. The core metal 9A includes a 
cylindrical seal casing member 9Aa made of a metallic material and secured at 
one end to the inner peripheral surface of the outer race 3, a generally 
intermediate portion of cylindrical seal casing member 9Aa being stepped at two 
locations, a core metal portion 9Ab, and a labyrinth seal portion 9Ac. The core 

25 metal portion 9Ab and the labyrinth seal portion 9Ac are fixed to an inner 
peripheral surface of the seal casing member 9Aa. The elastic member 10A is 
integrated together with the core metal portion 9Ab. The core metal portion 
9Ab and the elastic member 10A are positioned axially inwardly of the flange 
portion 7Ab of the radially inner sealing member 7A. The labyrinth seal 
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portion 9 Ac is positioned axially inwardly of the core metal portion 9Ab, while 
the temperature sensor 13 is fixed to one of opposite side surfaces of the 
labyrinth seal portion 9Ac which confronts the interior of the bearing assembly 
1A. The temperature sensor 13 is, as is the case in the first embodiment shown 
in Figs. 1 and 2, in the form of a chip-type laminar thermistor. 

It is to be noted that the temperature sensor 13 may not be fixed to the 
labyrinth seal portion 9Ac such as described above, but may be fixedly mounted 
on, for example, an outer peripheral surface of the seal casing member 9Aa as in 
a fourth preferred embodiment shown in Fig. 7. 

Even with the bearing assembly 1A of the inner race rotating type, the 
temperature sensor 13 is fitted to the sealing means 6A that is mounted on the 
outer race 3 which serves as the stationary bearing ring. Accordingly, the 
temperature of the bearing assembly can be detected accurately with high 
precision, the number of component parts used can be reduced advantageously 
and the productivity can also be increased. 

Although the present invention has been fully described in connection 
with the preferred embodiments thereof with reference to the accompanying 
drawings which are used only for the purpose of illustration, those skilled in the 
art will readily conceive numerous changes and modifications within the 
framework of obviousness upon the reading of the specification herein presented 
of the present invention. Accordingly, such changes and modifications are, 
unless they depart from the scope of the present invention as delivered from the 
claims annexed hereto, to be construed as included therein. 
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